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1. Energy-momentum tensor of the Klein-Gordon field
Consider the massive Klein-Gordon (scalar) field ¢ defined by the Lagrange function
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where m is the mass of the field.
(a) Derive the Klein-Gordon equation by variation of the action,
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(b) Calculate the energy-momentum tensor T+,

0.

(c) Show by explicit calculation that the energy-momentum tensor is covariantly
conserved,
vV, " =0.

2. Lie derivative of the metric
Show by explicit calculation that the Lie derivative of the metric tensor satisfies

Leguw =2V (u&y)
for a vector field £. You will need the formulas

ﬁgcpm---urylmys — Epapq)m---m-ylmys
— (Op&H )@y by — o = (0p8HT )Py L,
+ (aulgp)q)ulmqu...us +...+ (ausgp)q)'ulm'urm‘..p

and
vp@/‘tl"'“Tylu.Vs - 8p(bul.”'uryl...V5
... ..o
+ FulpU(D uryl...ys +...+ FMTpU(pﬂl Vi...Us
o o
- F pr1 q)ﬂl MTO’...VS e T F pys(‘I)'U’l 'uryl...cr
with

1
Fp;w = 59’70 (augau + al/g/w - aog;w)

for tensor fields ®#1#r, .



